JP-A-2000- 172341 



Page 1 of 23 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 2000-1 72341 

(43)Date of publication of application : 23.06.2000 



(51)Int.CI. 




G05D 3/12 








605B 11/32 








H02P 5/00 




(21)Application number . 


10-351833 


(71)Applicant 


: MITSUBISHI ELECTRIC CORP 


(22)Date of filing : 


10.12.1998 


(72)Inventor : 


IWASAKI TAKASHI 



(54) SERVO CONTROLLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a servo controller 
which can highly precisely control a position, has simple 
constitution, whose calculation time is little, and which is 
robust against the fluctuation of a parameter and an 
estimated error. 

SOLUTION: A servo controller is formed of a position 
sensor 3 added to an electric motor 2 operating a machine 
1, a position command value generation part 4 generating 
the operation track of the machine, a feedback 
compensation part 5 generating a feedback torque command 
value, a feed forward compensation part 6 generating a feed 
forward torque command value, a current compensation part 
8 making appropriate current flow to the electric motor 
based on a whole torque command value obtained by adding 
them, a machine terminal correction constant multiplication 
part 9 multiplying a torque which the electric motor 
generates by a prescribed value, an adder 10 adding the 
whole torque command value which is multiplied by the 
prescribed value to the position command value. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The motor which it is attached [ motor ] in the machine which operates a predetermined 
locus top, and a location command value is followed [ motor ], and operates the machine concerned, 
The position sensor which is attached in said motor and performs location detection of the motor 
concerned, The location command value generation section which generates said location command 
value for said machine operating a predetermined locus top, The feedback compensation section 
which generates the feedback torque command value equivalent to torque or it based on the 
location command value generated in said location command value generation section, and the 
position feedback value from said position sensor, The feedforward compensation section which 
generates the feedforward torque command value which is equivalent to torque or it from said 
location command value based on the model of said machine and said motor, The current 
compensation section which passes the suitable current for said motor based on the desired value 
equivalent to the torque or it adding said feedback torque command value and said feedforward 
torque command value, the signal equivalent to the torque or it which said motor generates — 
constant twice — with the machine edge amendment constant multiplication section to carry out 
said machine edge amendment constant multiplication section — constant twice — the servo 
control equipped with the adder which adds the signal equivalent to the torque or it which was 
carried out, and which said motor generates to the location command value which said location 
command value generation section generated. 

[Claim 2] The servo control according to claim 1 characterized by making desired value equivalent 
to the torque or it adding the feedback torque command value which the feedback compensation 
section generates, and the feedforward torque command value which the feedforward compensation 
section generates into the signal equivalent to the torque which a motor generates. 
[Claim 3] The servo control according to claim 1 characterized by having had the current sensor 
which measures the current which flows to a motor, and making the amperometry value by the 
current sensor concerned into the signal equivalent to the torque which said motor generates. 
[Claim 4] The servo control according to claim 1 characterized by making the feedforward torque 
command value which the feedforward compensation section generates into the signal equivalent to 
the torque which a motor generates. 

[Claim 5] The servo control according to claim 4 characterized by including a fricative model as a 
model of a machine and a motor. 

[Claim 6] The servo control according to claim 5 characterized by not including the torque command 
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value generated from the fricative model in the signal equivalent to the torque which a motor 
generates. 

[Claim 7] A machine and a motor The inertia of said machine, and the inertia of said motor, The 
parameter which shows the value of the load rate of said machine at the time of making a model 
with a spring in the meantime, The parameter input section which inputs the parameter for 
computing the ratio of the inertia of said machine, and the sum of said two inertia, It is based on 
said each parameter inputted from said parameter input section. A servo control given [ of claim 1 
to the claims 6 characterized by preparing the constant count section set as the machine edge 
amendment constant multiplication section in quest of the value of the constant which carries out 
multiplication to the signal equivalent to the torque which said motor generates ] in any 1 term. 
[Claim 8] Based on the signal equivalent to the torque which a motor with a working machine 
generates, and the position feedback value from a position sensor The inertia identification section 
which identifies the sum of the inertia of said motor and the inertia of a machine is prepared. The 
parameter input section as a parameter The sum of the inertia of said motor and the inertia of a 
machine as which the value of the load rate of said machine and the inertia of said motor are 
inputted and which the constant count section was identified in said inertia identification section. 
The servo control according to claim 7 characterized by being what calculates the value of the 
constant which carries out multiplication to the signal which is equivalent to the torque which said 
motor generates based on the parameter inputted from said parameter input section. 
[Claim 9] The signal equivalent to the torque which a motor with a working machine generates, and 
the parameter which identifies a machine model and shows the value of the load rate of said 
machine based on the position feedback value from a position sensor, The machine-model 
identification section which asks for the parameter for computing the ratio of the sum of the inertia 
of the inertia of said machine, said machine, and each of said motor. It is based on the parameter for 
which said machine-model identification section asked. A servo control given [ of claim 1 to the 
claims 6 characterized by preparing the constant count section set as the machine edge 
amendment constant multiplication section in quest of the value of the constant which carries out 
multiplication to the signal equivalent to the torque which said motor generates ] in any 1 term. 
[Claim 10] The M sequence signal generator which generates the signal containing the high 
frequency component more than resonance frequency, The switch for adding the signal which said 
M sequence signal generator generated to the signal equivalent to the torque which a motor with a 
working machine generates, only when identifying a machine model is formed. The signal with which 
the machine-model identification section is equivalent to the torque which said motor with which 
the signal which said M sequence signal generator generated was added generates, The servo 
control according to claim 9 characterized by being what identifies said machine model and asks for 
the sum of said resonance frequency and an antiresonance cycle, and the inertia of a machine and 
the inertia of a motor as a parameter based on the position feedback value from a position sensor. 
[Claim 1 1] A machine and a motor The inertia of said machine, and the inertia of said motor. The 
parameter input section which inputs the parameter for computing the ratio of the inertia of said 
machine, and the sum of said two inertia, The load-rate setting-out section which sets up the 
parameter which shows the value of the load rate of said machine according to a location command 
value or a position feedback value, It is based on said each parameter inputted from said parameter 
input section and the load-rate setting-out section. A servo control given [ of claim 1 to the claims 
6 characterized by preparing the constant count section set as the machine edge amendment 
constant multiplication section in quest of the value of the constant which carries out multiplication 
to the signal equivalent to the torque which said motor generates ] in any 1 term. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the servo control with which high-speed actuation 
is demanded especially about a servo control like a machine tool which operates a machine with a 
motor and operates the locus of that machine to high degree of accuracy. 
[0002] 

[Description of the Prior Art] It was considered that it was the object to make a machine follow a 
command value and to operate accuracy, and the servo control was controlled to the machine side 
by aiming at making the output of position sensors, such as an encoder usually attached in 
actuators, such as a motor, follow a command value in many cases. However, high-speed operation 
may follow on being required, it may originate in the rigidity of a machine being imperfection, and gap 
may arise in the location of an actuator the machine side which is a actual target. 
[0003] Drawing 1 1 is the block diagram which was shown in JP,4-271290,A and in which showing the 
configuration of the conventional servo control. In drawing, 1 is a machine, 2 is a motor, each, the 
block showing the property is shown in the interior, and these are the expressions at the time of 
modeling a machine 1 and a motor 2 with two inertia and the spring of those. Moreover, for 3, as for 
the location command value generation section and 5, a position sensor and 4 are [ the feedback 
compensation section and 6 ] the feedforward compensation sections, and 7 is the machine edge 
amendment section. 

[0004] Moreover, thetar The location command value and thetal which were generated in the 
location command value generation section 4 The location of a machine 1, thetam The location of a 
motor 2, and Jl The inertia of a machine 1 , and Jm Inertia of a motor 2, The load rate to which K 
expresses the rigidity of a machine 1 , the constant as which c expresses the viscous drag of a 
machine 1, Kv Rate loop-formation proportional gain and Kvi are rate loop-formation integral gain 
and Kp. Location loop-formation proportional gain, J0I. is the inertia Jl of a machine 1. Estimate and 
JOm are the inertia Jm of a motor 2. The parameter of the machine edge amendment section 7 and 
s of estimate, and alpha and beta are Laplace operators, respectively. 

[0005] Next, actuation is explained. The controlled system which consists of a machine 1 and a 
motor 2 considers the command value of the output torque of a motor 2 as an input, and considers 
as an output the detection value which the position sensor 3 attached in the motor 2 detected. The 
feedback compensation section 5 is location command value thetar generated in the location 
command value generation section 4. Location thetam of the motor 2 outputted from a position 
sensor 3 PID (proportion, integral, and differential) control is performed based on a difference. 
However, at the feedback compensation section 5 shown in drawing, it is location command value 
thetar. Location thetam of a motor 2 Although it has the composition of having used each 
differential value, this serves as a configuration of the above-mentioned PID control by carrying out 
equivalent transformation. 

[0006] Thus, when the machine 1 and motor 2 which are a controlled system are controlled only by 
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the feedback compensation section 5, it is location command value thetar because of the delay of a 
response. Flattery precision is not good, then, the feedforward compensation section 6 — adding — 
JO l=JI and JO m=Jm ** — by carrying out, the rigidity of a motor 2 and a machine 1 is high enough 
(load-rate K is large enough) — ** — when it carries out, the delay of a response can be abolished 
and highly precise actuation can be realized. 

[0007] However, when it cannot be considered that the rigidity of a machine 1 and a motor 2 is 
sufficiently high, it is location thetam of a motor 2. Location thetal of a machine 1 A gap arises and 
precision sufficient in addition of this feedforward compensator 5 is not acquired. Then, it sets in 
the machine edge amendment section 7, and is alpha=JI. /(K (Jl+Jm)), beta=Jm Two inertia Jl which 
is a machine 1 and the model of a consideration 2 by carrying out and assuming that it is c= 0, and 
Jm The property of the model of the spring can be compensated thoroughly. Namely, location 
command value thetar Location thetal of a machine 1 It can be made thoroughly in agreement and 
position control of the highly precise machine 1 can be realized. 
[0008] 

[Problem(s) to be Solved by the Invention] Since it is constituted as mentioned above, the 
conventional servo control is two inertia Jl and Jm. And each value of rigid load-rate K of a machine 
1 needed to be got to know to accuracy, when the accuracy of those values was inadequate, the 
property of a control system was changed sharply, and the technical problem that position control 
with a high precision was unrealizable occurred. Moreover, amendment was complicated, there was 
also much computation time and the technical problem that it was easy to be influenced of a 
quantization error etc. since high order differential is needed also occurred. 

[0009] Furthermore, not each value of two inertia Jl, Jm, and rigid load-rate K of a machine 1 but 
the value of the parameters alpha and beta of the machine edge amendment section 7 needed to be 
inputted, and they all had the technical problem which needed to be set up by the help. 
[0010] Moreover, the technical problem that the value of load-rate K showing the rigidity of a 
machine 1 could not respond to the phenomenon of changing depending on the location of a 
machine 1 occurred. 

[001 1] It was made in order that this invention might solve the above technical problems, and it is 
highly precise, and even when there are fluctuation and the presumed error of a parameter further, a 
property aims [ position control can be performed, and there is also little computation time with an 
easy configuration, and ] at obtaining the robust servo control which is not changed sharply. 
[0012] Moreover, by inputting what it is easy to understand as a parameter, this invention can 
realize position control of high degree of accuracy, and aims at obtaining the servo control which 
can tune up a parameter automatically at the time of initialization and parameter fluctuation. 
[0013] 

[Means for Solving the Problem] the signal equivalent to the torque which the servo control 
concerning this invention controls the torque which a motor generates by performing feedback 
control and feedforward control based on the location command value outputted from the location 
command value generation section, and that motor generates, or the torque concerned — constant 
twice — it carries out and is made to add to a location command value 

[0014] Moreover, the desired value equivalent to the torque or it which added the feedback torque 
command value which the feedback compensation section generates, and the feedforward torque 
command value which the feedforward compensation section generates as a signal equivalent to the 
torque which a motor generates is used for the servo control concerning this invention. 
[0015] Moreover, the measured value of the current sensor which measures the current which flows 
to a motor as a signal equivalent to the torque which a motor generates is used for the servo 
control concerning this invention. 

[0016] Moreover, the feedforward torque command value which the feedforward compensation 
section generates is used for the servo control concerning this invention as a signal equivalent to 
the torque which a motor generates. 
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[0017] Moreover, the servo control concerning this invention contains the model of friction of the 
model of a machine and a motor. 

[0018] Moreover, it is made for the servo control concerning this invention not to include the torque 
command value generated from the fricative model in the signal equivalent to the torque which a 
motor generates. 

[0019] The servo control concerning this invention a motor and a machine Moreover, a machine and 
inertia of each motor, The parameter which shows the value of the load rate of the machine at the 
time of making a model with a spring in the meantime, The parameter for computing the ratio of the 
inertia of a machine and the sum of the two above-mentioned inertia is inputted from the parameter 
input section. The value of the constant by which multiplication is carried out to the signal 
equivalent to the torque which a motor generates in the machine edge amendment constant 
multiplication section is determined based on the parameter into which it was inputted from the 
parameter input section in the constant count section. 

[0020] Moreover, the signal equivalent to the torque which the servo control concerning this 
invention prepares the inertia identification section, and a motor with a working machine generates, 
Based on a position feedback value, the sum of two inertia, a machine and a motor, is identified and 
the value of the constant by which multiplication is carried out to the signal equivalent to the torque 
which a motor generates in the machine edge amendment constant multiplication section is 
determined in the constant count section based on the identification result. 
[0021] Moreover, the signal equivalent to the torque which the servo control concerning this 
invention prepares the identification section with a machine model, and a motor with a working 
machine generates, The parameter which identifies a machine model based on a position feedback 
value, and shows the value of the load rate of a machine, It asks for the parameter for computing a 
ratio with the sum of both the inertia of the inertia of a machine, a machine, and a motor. The value 
of the constant by which multiplication is carried out to the signal equivalent to the torque which a 
motor generates in the machine edge amendment constant multiplication section is determined in 
the constant count section based on the parameter. 

[0022] Moreover, the servo control concerning this invention generates the signal which contains 
the high frequency component more than resonance frequency from an M sequence signal 
generator. Only when identifying a machine model, add to the signal equivalent to the torque to 
which a motor with a working machine generates it, and the machine-model identification section 
identifies a machine model based on an addition result and a position feedback value concerned. It 
asks for the sum of both the inertia of resonance frequency, antiresonant frequency, a machine, and 
a motor, and is made to send to the constant count section. 

[0023] Moreover, the parameter equivalent to the load rate showing the rigidity of the machine 
inputted into the constant count section is changed according to the location of a machine in the 
load-rate setting-out section, and the servo control concerning this invention sets it up. 
[0024] 

[Embodiment of the Invention] Hereafter, one gestalt of implementation of this invention is 
explained. 

Gestalt 1. drawing 1 of operation is the block diagram showing the configuration of the servo control 
by the gestalt 1 of implementation of this invention. In drawing, 1 is a machine which operates 
according to a predetermined locus, and the block showing the property is shown in the interior. 2 is 
the motor attached in the machine 1 concerned as an actuator which operates this machine 1, and 
the block showing that property is shown in the interior. In addition, these motors 2 and a machine 1 
are the expressions at the time of making a model with two inertia and the spring of those. 3 is a 
position sensor according [ perform / it is attached in this motor 2 and / location detection of the 
motor 2 concerned for example, ] to an encoder etc. In addition, these are the parts equivalent to 
conventional them which attached and showed the same sign to drawing 1 1 . 

[0025] Moreover, 4 is the location command value generation section which generates the location 
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command value for a machine 1 operating a predetermined locus top. 5 is the feedback 
compensation section which generates the feedback torque command value equivalent to torque or 
it based on the location command value generated in the location command value generation section 

4 at least, and the position feedback value from a position sensor 3. 6 is the feedforward 
compensation section which generates the feedforward torque command value equivalent to torque 
or it based on the model of a machine 1 and a motor 2 from the location command value generated 
in the location command value generation section 4. In addition, it is a part equivalent to 
conventional them these also attached and indicated the same signs to be to drawing 1 1 . 

[0026] 8 is the current compensation section which passes the suitable current for a motor 2 based 
on the desired value equivalent to the torque or it adding the feedback torque command value 
generated in the feedback compensation section 5, and the feedforward torque command value 
generated in the feedforward compensation section 6. 9 is the machine edge amendment constant 
multiplication section to double and which carries out multiplication a constant (henceforth a 
machine edge amendment constant) about the signal equivalent to the torque or it which a motor 2 
generates. 10 is an adder which adds the signal equivalent to the torque or it which was carried out 
in this machine edge amendment constant multiplication section 9 the several times as many 
machine edge assistant positive definite as this, and which a motor 2 generates to the location 
command value which the location command value generation section 4 generated. 
[0027] Moreover, thetar It is the location command value which the location command value 
generation section 4 outputs, and is thetal. The location of a machine 1, and thetam It is the 
location of the motor 2 detected by the position sensor 3. taub The feedback torque command value 
and tauf which the feedback compensation section 5 outputs It is the feedforward torque command 
value which the feedforward compensation section 6 outputs, and is taua. These feedback torque 
command value taub Feedforward torque command value tauf It is the added total torque command 
value. JI The inertia of a machine 1 , and Jm It is the inertia of a motor 2 and the load rate to which 
K expresses the rigidity of a machine 1, and c are the constants showing the viscous drag of a 
machine 1. Kv It is the rate loop-formation proportional gain in the feedback compensation section 
5, and, similarly Kvi is rate loop-formation integral gain and Kp. Similarly it is location loop-formation 
proportional gain. J0I. is the inertia JI of a machine 1. Estimate and JOm are the inertia Jm of a 
motor 2. It is estimate and is K0. The estimate of load-rate K of a machine 1 , and cO It is the 
estimate of the viscous friction of a machine 1 . In addition, s is a Laplace operator. 
[0028] Here, with the servo control of the gestalt 1 of operation shown in the block diagram of 
drawing 1 , a motor 2 is all torque command value taua. The torque of a passage shall be generated. 
However, actually, current feedback based on a current sensor (graphic display abbreviation) was 
performed, the current was controlled, and the motor 1 has generated the torque proportional to the 
current. Therefore, above-mentioned all torque command value taua It can also be regarded as the 
current command value of torque. 

[0029] Next, actuation is explained. Same actuation is given to the conventional servo control and 
conventional basic target which showed drawing 1 1 also in the servo control by the gestalt 1 of this 
operation, namely, location value thetam of the motor 2 concerned which the controlled system 
which consists of a machine 1 and a motor 2 considered as the input all torque command value taua 
that is the command value of the torque which a motor 2 generates, and was detected by the motor 
2 by the installation ****** position sensor 3 It considers as an output. The current compensation 
section 8 is feedback torque command value taub generated in the feedback compensation section 

5 in that case. Feedforward torque command value tauf generated in the feedforward compensation 
section 6 All added torque command value taua The suitable current for a basis is passed to a 
motor 2. In addition, the current compensation section 8 is above-mentioned all torque command 
value taua. You may make it pass the suitable current for a motor 2 based on corresponding desired 
value. 

[0030] location command value thetar by which the feedback compensation section 5 was generated 
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in the location command value generation section 4 here Location thetam of the motor 2 outputted 
from the position sensor 3 attached in the motor 2 Based on a difference Location thetam of the 
motor 2 which performed PID (proportion, integral, and differential) control, and was fed back from 
the position sensor 3 Feedback torque command value taub which is equivalent to a basis at torque 
or it It generates. In addition, at the feedback compensation section 5 shown in this drawing 1 also 
in this case, it is location command value thetar. Location thetam of a motor 2 Although it has the 
composition of having used each differential value, this serves as a configuration of the above- 
mentioned PID control by carrying out equivalent transformation. 

[0031] on the other hand — the feedforward compensation section 6 — JO l=JI and JO m=Jm ** — 
location command value thetar generated in the location command value generation section 4 based 
on the model of a machine 1 and a motor 2 by carrying out from — feedforward torque command 
value tauf equivalent to torque or it It generates. Therefore, location command value thetar by delay 
of a response like [ when controlling only by the feedback compensation section 5 ] Lowering of 
flattery precision can be controlled and load-rate K is large enough, and when the rigidity of a 
machine 1 and a motor 2 is sufficiently high, it is location command value thetar. Location thetal by 
the side of a machine And location thetam of a motor 2 It can be made in agreement. In addition, 
with the gestalt 1 of this operation, in the feedforward compensation section 6, since the viscous 
friction of a controlled system was also taken into consideration and the term of the estimate cO of 
the viscous friction of a machine 1 is added to the feedforward compensation section 6, highly 
precise control is attained. 

[0032] Moreover, the machine edge amendment constant multiplication section 9 is all torque 
command value taua as a signal equivalent to the torque to which a motor 2 generates 
predetermined machine edge amendment constant J0l./(K0 (JO l+JOm)). Multiplication is carried out 
and the result of an operation is sent out to an adder 10. The location command value thetar which 
the location command value generation section 4 outputs in an adder 10 All the torque command 
value taua that machine edge amendment constant JOIV(KO) Doubled by this machine edge 
amendment constant multiplication section 9 (JO l+JOm) It adds and it is location thetal of a 
machine 1. Location command value thetar from the location command value generation section 4 It 
amends so that it may follow. Qualitatively, they are all torque command value taua. While 
calculating the torque which has joined the spring section by multiplying by J0l./(J0 l+JOm) 1 / K0 
The amount of telescopic motion of a spring is calculated by taking advantaging, and it responds to 
the count result, and is location command value thetar. It amends and is location thetal of a 
machine 1. Location command value thetar from the location command value generation section 4 It 
is made to follow. 

[0033] Thus, since the simple actuation of the constant (machine edge amendment constant) twice 
of torque has realized amendment of a location command according to the gestalt 1 of this 
operation, It is enabled only for the amount which the spring equivalent to the rigidity of a machine 1 
expanded and contracts to be able to amend the location command value to a motor 2, to be highly 
precise, and to control the location of a machine 1 by torque which a motor 2 generates, and the 
configuration is easy and computation time's decreases. Moreover, the values K and Jl with the 
estimate K0 of a controlled-system parameter, J0L, and JOm actual [ even if ] and Jm Even when it 
differs from a value, only the effect of only the amount of amendments only changing by proportion 
twice appears, but even if fluctuation and a presumed error are in a parameter, a property is not 
changed sharply and the effectiveness that a robust servo control is realizable for fluctuation and 
the presumed error of a parameter is acquired. 

[0034] With the gestalt 1 of gestalt 2. of operation, in addition the above-mentioned implementation 
As a signal equivalent to the torque which a motor 2 generates, it is feedback torque command 
value taub. Feedforward torque command value tauf All added torque command value taua It uses, it 
is doubled a constant (machine edge amendment constant), and it is location command value thetar. 
Although the case where it added was explained It is good also as an amperometry value of the 



file://C:\Documents and Settings\PasosY\My Documents\JPOEn\JP-A-2000-172341.html 



7/26/2006 



JP-A-2000- 172341 



Page 9 of 23 



current sensor which detects the current of a motor 2 for the signal equivalent to the torque which 
the motor 2 concerned generates. Namely, location command value thetar which measures the 
current which prepares a current sensor and flows a motor 2, carries out the multiplication of the 
machine edge amendment constant to the value proportional to the torque which the motor 2 
calculated from the amperometry value detected by the current sensor concerned outputs in the 
machine edge amendment constant multiplication section 9 t and the location command value 
generation section 4 outputs It adds. By doing in this way, the same effectiveness as the case of 
the gestalt 1 of the above-mentioned implementation is acquired. 

[0035] In the gestalt 1 of gestalt 3. of operation, and the above-mentioned implementation feedback 
torque command value taub which the feedback compensation section 5 generates Feedforward 
torque command value tauf which the feedforward compensation section 6 generates All added 
torque command value taua Although what was made into the signal equivalent to the torque which 
a motor 2 generates was explained It is good also as a signal equivalent to the torque to which tauf 
and its motor 2 generate the feedforward torque command value which the feedforward 
compensation section 6 generates. Drawing 2 is the block diagram showing the configuration of the 
servo control by the gestalt 3 of implementation of such this invention, gives the same notation as 
the considerable part of drawing 1 to each part, and omits that explanation to it. 
[0036] At the gestalt 3 of this operation, it is feedback torque command value taub. Feedforward 
torque command value tauf All added torque command value taua Feedforward torque command 
value tauf instead outputted from the feedforward compensation section 6 It is sent to the machine 
edge correction value multiplication section 9. At the machine edge correction value multiplication 
section 9, it is this feedforward torque command value tauf. The multiplication of the machine edge 
amendment constant is carried out, and it is location command value thetar from delivery and the 
location command value generation section 4 to an adder 10. Location command value thetar is 
amended by adding it. When the parameter of the feedforward compensator 6 is adjusted and 
feedforward is performed good, it is feedback torque command value taub. It can be regarded as 
about 0. 

[0037] Therefore, it is feedforward torque command value tauf as a signal which is equivalent to the 
torque which a motor 2 generates also in the gestalt 3 of this operation when the parameter of the 
feedforward compensator 6 is almost exact. Even if it uses, they are all torque command value taua. 
The almost same effectiveness as the case where it uses can be acquired. 

[0038] Next, the robustness of this invention in comparison with the conventional servo control is 
checked using the Bode diagram shown in drawing 3 and drawing 4 using the gestalt 3 of this 
operation. Since it is easy, it is referred to as c=c0 =Kvi=0 here, supposing it does not use the 
feedforward compensator 5 and the machine edge amendment constant multiplication section 9 here 
in the servo control shown in drawing 2 — location command value thetar from — location thetal of 
a machine 1 up to — a transfer function is expressed with the formula (1) shown below. 
[0039] 
[Equation 1] 

Gi(S) = - 1 



JmJl „ A 

"S 4 + 



Jl S3 I ( Jm + Jl | Jl 



S 2 + ~S+1 
Kp 



- (1) 



[0040] in addition — if the feedforward compensator 5 is used — location command value thetar 
from — location thetal of a machine 1 up to — a transfer function is shown in the following formula 

(2). 

[0041] 
[Equation 2] 
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XVvJYp xvp 

G 2 (S) = - 



KK v Kp KK P | KvKp K j Kp 

• • • (2) 

[0042] furthermore — if the machine edge amendment constant multiplication section 9 is used — 
location command value thetar from — location thetal of a machine 1 up to — a transfer function is 
shown in the following formula (3). 
[0043] 
[Equation 3] 



I KvKp Ko I Kp 
G 3 (S) = - ' J 



JmJl . Jl „ fjm + Jl Jl ") „ 1 



(3) 



[0044] moreover, the case where the machine edge amendment section 7 (however, alpha=JI /(K 
(Jl+Jm)), beta=Jm ) in the conventional servo control shown in drawing 1 1 is used — location 
command value thetar from — location thetal of a machine 1 up to — a transfer function is 
expressed with the formula (4) shown below. 
[0045] 
[Equation 4] 



JomJoj Joi 
~S 4 + 



G 4 (S)= 



KaKvKp KoKp 



. «ft o f Jm + Jj Jl 1 1 



• • • (4) 

[0046] Here, drawing 3 is Jl =0.5, Jm =0.5, Kp =30, Kv =200, K=600*600*JI *Jm/(JI+Jm), JO l=JI, and 
JO m=Jm. It is the Bode diagram which was carried out and was drawn based on the above- 
mentioned formula (3) the case of K0 =K, and in [ both ] K0 =1.5K. drawing — setting — 21 K0 — as 
for the gain diagram in K0 =1.5K, and 23, the gain diagram in =K and 22 are [ the phase diagram in 
K0 =K and 24 ] the phase diagrams in K0 =1.5K, and each gain diagrams 21 and 22 and the 
Gentlemen phase diagrams 23 and 24 have lapped like a graphic display, respectively. Thus, it can be 
said that the accuracy of amendment hardly changes a property as a frequency response although 
only the part of gap deteriorates even if Parameter K is not the exact value shifted 1.5 times. 
[0047] Drawing 4 is the Bode diagram drawn based on the formula (4) on the same conditions as 
drawing 3 . drawing — setting — 25K0 — as for the gain diagram in K0 =1.5K, and 27, the gain 
diagram in =K and 26 are [ the phase diagram in K0 =K and 28 ] the phase diagrams in K0 =1.5K. As 
drawing shows, when Parameter K shifts 1.5 times shows changing frequency characteristics 
sharply. By comparing these drawing 3 with drawing 4 , it can be said as robustness by parameter 
fluctuation that the method of this invention is dominance. 

[0048] In the gestalt 3 of gestalt 4. of operation, and the above-mentioned implementation, although 
what does not contain a fricative model was shown as a model of a machine 1 and a motor 2, it is 
also possible to apply to the model of the machine 1 containing a fricative model and a motor 2. 
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Drawing 5 is the block diagram showing the configuration of the servo control by the gestalt 4 of 
implementation of such this invention, gives the same notation as the considerable part of drawing 2 
to each part, and omits that explanation to it. In addition, F is a Coulomb's-friction value which joins 
a machine 1, and is FO in the feedforward compensation section 6. It is a friction-compensation 
parameter for compensating with the feedforward compensation section 6 concerned the 
Coulomb's-friction value F which joins the machine 1. Moreover, sgn (-) is [ 1 and ] at the negative 
time, when an argument is forward. - The signum used as 0 is shown at the time of 1 and 0. 
[0049] The feedforward compensation section 6 in the gestalt 4 of this operation is the above- 
mentioned friction-compensation parameter FO. It is the estimate cO of the viscous friction of a 
machine 1 using Signum sgn (-) about the torque command value which compensated the 
Coulomb's-friction value F which joins a machine 1, and was acquired. It adds to the torque 
command value which took into consideration and asked also for the viscous friction of a controlled 
system using the term further, and is feedforward torque command value tauf. It is generating. Thus, 
feedforward torque command value tauf by which friction compensation was carried out Location 
command value thetar which delivery and the location command value generation section 4 
generated to the adder 10 It is amending. Therefore, according to the gestalt 4 of this operation, it 
sets at the time of sign reversal of the rate of a command value, and is feedforward torque 
command value tauf. Since step-like change arises, it is location command value thetar. Amendment 
also turns into step-like amendment. The backlash produced with the rigidity of this 1, i.e., a 
machine, and fricative magnitude will be amended. 

[0050] Although what included the torque command which is gestalt 5. of operation, and which was 
generated from the fricative model with the gestalt 4 of the above-mentioned implementation in the 
signal equivalent to the torque which a motor 2 generates was explained, you may make it the signal 
equivalent to the torque which a motor 2 generates not include the torque command generated from 
the fricative model. Drawing 6 is the block diagram showing the configuration of the servo control by 
the gestalt 5 of implementation of such this invention, gives the same notation as drawing 5 to a 
considerable part, and omits that explanation. 

[0051] feedforward torque command value tauf which the feedforward compensation section 6 
outputs in the gestalt 5 of this operation as shown in drawing 6 **** — friction-compensation 
parameter F0 from a fricative model Although the friction compensation using Signum sgn (-) is 
included As a signal equivalent to the torque which the motor 2 sent to the machine edge 
amendment constant multiplication section 9 generates, it is considering only as the torque 
command value which does not include the torque command value from the model of the friction 
and which was calculated in consideration of viscous friction. Location command value thetar from 
the location command value generation section 4 Amendment is performed by adding what carried 
out the signal equivalent to the torque which the motor 2 which does not include the torque 
command value from the model of this friction generates the several times as many machine edge 
assistant positive definite as this. It is location command value thetar like [ when shakiness exists in 
a machine 1 ], without including the term of friction compensation in this way, when amendment of 
backlash needs to be set up separately. Amending becomes effective. 

[0052] Although the machine edge amendment constant which carries out multiplication to the 
signal which is equivalent to the torque which is gestalt 6. of operation, and which a motor 2 
generates in the gestalt of each above-mentioned implementation was fixed, modification of the 
machine edge amendment constant concerned can also be enabled. Drawing 7 is the block diagram 
showing the configuration of the servo control by the gestalt 6 of implementation of such this 
invention, gives the same sign as drawing 1 to a considerable part, and omits that explanation. 
[0053] In drawing 1 1 with the inertia of a machine 1 and the inertia of a motor 2, and a spring in the 
meantime Load rate K0 of a machine 1 at the time of modeling a machine 1 and a motor 2 Inertia 
J0I. of the parameter which shows a value, and a machine 1, It is the parameter input section which 
inputs the parameter for computing the ratio of inertia J0I. of a machine 1, and all inertia JO l+JOm 
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that is the inertia JOm sum of a motor 2. 1 2 is the constant count section which calculates the 
value of the machine edge amendment constant which carries out multiplication to the signal 
equivalent to the torque which a motor 1 generates based on the parameter inputted from this 
parameter input section 11, and sets it as the machine edge amendment constant multiplication 
section 9. 

[0054] It is the load rate K0 which shows the rigidity of a machine 1 from the parameter input 
section 1 1 in the gestalt 6 of this operation as shown in drawing 7 . As a parameter for computing 
the ratio of inertia JOI. and all inertia JO l+JOm of a machine 1, all inertia JO l+JOm and inertia JOm 
of a motor are inputted. The constant count section 12 is these all inertia JO l+JOm, inertia JOm of a 
motor, and the load rate K0 of a machine 1 . If it receives Value J0I./CK0 (JO l+JOm)) of the machine 
edge amendment constant by which multiplication is carried out to the signal (it sets in the gestalt 6 
of this operation, and they are all torque command value taua) equivalent to the torque which a 
motor 1 generates is calculated using those values, and it is set as the machine edge amendment 
constant multiplication section 9. 

[0055] It operates like the case of the gestalt 1 of operation hereafter. The machine edge 
amendment constant multiplication section 9 Feedback torque command value taub Feedforward 
torque command value tauf All added torque command value taua Location command value thetar 
which carried out the multiplication of the machine edge amendment constant set up from this 
constant count section 12, and delivery and the location command value generation section 4 
generated to the adder 10 It amends. 

[0056] Thus, even when according to the gestalt 6 of this operation the value of a rough parameter 
can be guessed at the time of the design of a machine 1 and only a specific parameter changes 
clearly, the effectiveness that a user can change the machine edge amendment constant concerned 
easily, without being conscious of the value of the machine edge amendment constant which carries 
out multiplication to the signal equivalent to the torque which a motor 2 generates is acquired. 
[0057] Gestalt 7. drawing 8 of operation is the block diagram showing the configuration of the servo 
control by the gestalt 7 of implementation of this invention, gives the same sign as drawing 7 to a 
considerable part, and omits that explanation. Here, the gestalt 7 of this operation is applied to 
control of a controlled system from which only the inertia of a machine 1 changes, and assumes the 
effective servo control. 

[0058] In drawing, 13 is the inertia identification section which identifies all inertia JO l+JOm that is 
the inertia JOm [ of the inertia JOI. and the motor 2 of a machine 1 ] sum the signal (all torque 
command value taua) which is equivalent to the torque which a motor 2 generates when a machine 
1 is working based on the position feedback value (location thetam of a motor 2) outputted from a 
position sensor 3. Moreover, the parameter input section 1 1 is the load rate K0 of a machine 1 as a 
parameter. It is the point of performing the inertia JOm input of a motor 2, and differs from what 
gave the same sign to drawing 7 . Moreover, for the constant count section 12, the machine edge 
amendment constant multiplication section 9 is all torque command value taua. All inertia JO l+JOm 
identified in the inertia identification section 13 in the value of the machine edge amendment 
constant for carrying out multiplication, It differs from what gave the same sign to drawing 7 at the 
point which are the load rate K0 of the machine 1 inputted from the parameter input section 1 1, and 
the thing for which it asks based on inertia JOm of a motor 2. 

[0059] It is the load rate K0 which shows the rigidity of a machine 1 from the parameter input 
section 1 1 in the gestalt 7 of this operation as shown in drawing 8 . Two kinds of inertia JOm 
parameters of a motor 2 are inputted. The parameter which, on the other hand, shows all inertia JO 
l+JOm that is the inertia JOm sum of the inertia JOI. and the motor 2 of a machine 1 is all torque 
command value taua that is I/O of the machine 1 and motor 2 which are a controlled system. 
Location thetam of a motor 1 Based on data, it is identified in the inertia identification section 13, 
and all identified inertia JO l+J0m is inputted into it at the constant count section 12. the constant 
count section 12 — from this inertia identification section 13 — all — inertia JOI.+JOm, inertia JOm 
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of the motor 2 from the parameter input section 1 1, and load rate KO if it receives — a basis 
[ they ] — all torque command value taua The machine edge amendment constant for carrying out 
multiplication is calculated, and it is set as the machine edge amendment constant multiplication 
section 9. The machine edge amendment constant multiplication section 9 is location command 
value thetar to which the location command value generation section 4 generated the machine edge 
amendment constant. Multiplication is carried out and it is amended. 

[0060] Here, when a work piece with big mass is carried in a machine tool, it may happen frequently 
that only inertia JOI. of a machine changes and all inertia JO l+J0m identified in the inertia 
identification section 13 in a parameter changes. The gestalt 7 of this operation is effective when 
controlling a controlled system from which only inertia JOI. of such a machine changes, moreover, 
the case where it identifies in the inertia identification section 13 — all — inertia JOI +J0m — all 
torque command value taua acceleration and deceleration usual, for example, even when a 
frequency component is low frequency comparatively — identification serves as an easy parameter 
even from working data, and even if it uses a comparatively simple identification algorithm, sufficient 
parameter can be identified practical. 

[0061] Although what calculates a machine edge amendment constant was shown in the gestalt 6 of 
the above-mentioned implementation using the parameter which is gestalt 8. of operation and which 
was inputted from the parameter input section 11, it may be made to calculate a machine edge 
amendment constant using the parameter obtained by identification of a machine model. Drawing 9 
is the block diagram showing the configuration of the servo control by the gestalt 8 of 
implementation of such this invention, gives the same sign as drawing 7 to a considerable part, and 
omits that explanation. 

[0062] a basis [ value / from a signal and a position sensor 3 / which is equivalent to the torque 
which a motor 2 generates in drawing when a machine 1 of 14 is working / position feedback ] — 
identification of a machine model — carrying out — load rate K0 of a machine 1 It is the machine- 
model identification section which asks for the parameter for computing the ratio of inertia JOI. and 
all inertia JO l+JOm of the parameter which shows a value, and a machine 1. Moreover, omegai 
Antiresonant frequency and omegar It is resonance frequency and is concerned antiresonant 
frequency omega i as the above-mentioned parameter from this machine-model identification 
section 1 4. And resonance frequency omega r All inertia JO l+J0m is outputted. 1 5 is resonance 
frequency omega r. It is the M sequence signal generator which generates the M sequence signal 
containing the above high frequency component, and 16 is a switch for adding the M sequence signal 
which this M sequence signal generator 15 generated to the signal equivalent to the torque which a 
motor 2 generates when a machine 1 is working, only when identifying a machine model in the 
machine-model identification section 14. 

[0063] In addition, the constant count section 12 is the point which is what is set as the machine 
edge amendment constant multiplication section 9 in quest of the machine edge amendment 
constant which carries out multiplication to the signal equivalent to the torque which a motor 2 
generates, and differs from what attached and showed the same sign to drawing 7 based on 
antiresonant-frequency omega i obtained by identification of the machine model by the machine- 
model identification section 14, resonance-frequency omega r, and all inertia JO l+JOm. 
[0064] The signal which is equivalent to the torque which the motor 2 with a working machine 1 
generates in the machine-model identification section 14 in the gestalt 8 of this operation (all torque 
command value taua), Based on the position feedback value (location thetam of a motor 2) from a 
position sensor 3 Load rate K0 of a machine 1 The value of antiresonant frequency omega i as a 
parameter for computing the ratio of inertia JOI. and all inertia JO l+JOm of the parameter which 
shows a value, and a machine 1, resonance frequency omega r, and all inertia JO l+JOm is identified. 
For identification of the machine model in this machine-model identification section 14, it is 
resonance frequency omega i. It is necessary to input a signal with the above frequency component 
into a motor 2 (controlled system). The M sequence signal generator 15 is all torque command value 
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taua, only when the M sequence signal containing that high frequency component is generated and a 
switch 16 identifies a machine model for the M sequence signal which this M sequence signal 
generator 1 5 outputs. It adds. 

[0065] In addition, identification of the value of these antiresonant frequency omega i, resonance 
frequency omega r, and all inertia JO l+JOm can be carried out using the well-known technique 
specifically proposed until now. For example, antiresonant frequency omega i And resonance 
frequency omega r If it attaches, it is possible by asking for a Bode diagram from the I/O to a 
controlled system, and performing curve fitting to calculate the value. Moreover, the value of all 
inertia JO l+JOm can be calculated like the case of the gestalt 7 of operation. 

[0066] Here, they are antiresonant frequency omega i and resonance frequency omega r. Inertia JOI. 
of a machine, inertia JOm of a motor, and load rate K0 Relation is given by a following formula (5) 
and a following formula (6). 
[0067] 
[Equati on 5] 

m= V*°~iF • • - (5) 



, _ Jom + Joi 

A/S'^-j-J- - - - (6) 



[0068] Therefore, if the value of all inertia JO l+JOm can also be identified, using those values, the 
constant count section 12 will calculate value J0I./CK0 (JO l+J0m)) of a machine edge amendment 
constant, and will set it as the machine edge amendment constant multiplication section 9. The 
machine edge amendment constant multiplication section 9 is feedback torque command value taub. 
Feedforward torque command value tauf All added torque command value taua Location command 
value thetar which carried out the multiplication of the machine edge amendment constant set up 
from this constant count section 12, and delivery and the location command value generation 
section 4 generated to the adder 1 0 It amends. Thereby, an amendment parameter is automatically 
tunable at the time of initialization or parameter fluctuation. 

[0069] Gestalt 9. drawing 10 of operation is the block diagram showing the configuration of the 
servo control by the gestalt 9 of implementation of this invention, gives the same sign as drawing 7 
to a considerable part, and omits that explanation. Here, with the gestalt 9 of this operation, the 
parameter, especially the servo control used for control of the machine 1 from which the value of 
load-rate K showing the rigidity of a machine 1 changes are assumed according to the location of 
the machine 1 which makes a ball screw a transfer device, in drawing, 1 7 generates the parameter of 
the value of load-rate K showing the rigidity of a machine 1 according to the location (location 
thetam of the motor 2 which a position sensor 3 outputs in the example of a graphic display — it is 
— a position feedback value) of a machine 1, is the load-rate setting-out section which sets it as 
the constant count section 12, and is formed in this case by the table by which that content is set 
up from the parameter input section 11. 

[0070] Next, actuation is explained. From the parameter input section 1 1, the value of load-rate K of 
the machine 1 corresponding to it is beforehand set as the load-rate setting-out section 17 in the 
form of a table for every location of a machine 1. Location thetam of the motor 2 which a position 
sensor 3 outputs when a machine 1 operates actually It is the load rate K0 corresponding to [ it is 
inputted into this load-rate setting-out section 17, and ] it from the load-rate setting-out section 
17. It is sent to the constant count section 12. For example, when a machine 1 uses a ball screw, as 
a simple example, the load rate of a machine 1 becomes so small that the moving part of a machine 
1 separates from a motor 2, and becomes so large that it approaches. In such a machine 1, by using 
the servo control by the gestalt 9 of this operation, machine edge amendment which suited the 
actual property of a machine 1 can be realized, and the improvement in precision of the position 
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control of a machine 1 can be aimed at. 

[0071] In addition, although the above-mentioned explanation showed the thing using the output 
(position feedback value) of the position sensor 3 attached in the motor 2 as that of the location of 
a machine 1, especially a problem is not produced even if it uses the output of a position sensor 3, 
since it can consider that the location of a machine 1 and the location of a motor 2 are the almost 
same values in the semantics of change of load-rate K of a machine 1. Moreover, in the semantics, 
even if it uses the location command value which the location command value generation section 4 
outputs, the same effectiveness is acquired. 

[0072] Furthermore, although the above-mentioned explanation explained what sets up load-rate K 
as the load-rate setting-out section 1 7 using the table with which the content is set up from the 
parameter input section 1 1, load-rate K may be set up using a predetermined formula, for example, 
the formula which calculates load-rate K of a machine 1 as a linear function of the location of a 
machine 1. In addition, as this formula, various things, such as a quadratic and a formula using a 
trigonometric function, can be considered according to the structure of a machine 1 . 
[0073] 

[Effect of the Invention] As mentioned above, it sets to the control system which controls the 
torque which a motor generates by performing feedback control and feedforward control based on 
the location command value outputted from the location command value generation section 
according to this invention. Since it constituted so that the multiplication of the predetermined 
constant might be carried out to the signal equivalent to the torque which a motor generates, or the 
torque concerned and it might add to a location command value Only the amount which the spring 
which is equivalent to the rigidity of a machine with the torque which a motor generates by simple 
actuation of the constant twice of torque expands and contracts can amend the location command 
to a motor. It becomes possible to control the location of a machine by high precision, and a 
configuration is easy, and even when fluctuation and a presumed error are in a parameter, it is 
[ there is also little computation time, and ] effective in the robust servo control with which a 
property is not changed sharply being obtained. 

[0074] Moreover, since according to this invention the desired value equivalent to the torque or it 
adding a feedback torque command value and a feedforward torque command value was constituted 
so that it might use as a signal equivalent to the torque which a motor generates It is effective in it 
becoming possible to make the location of a machine follow the location command value easily by 
making the location command value which was calculated by carrying out the multiplication of the 
machine edge amendment constant- to it and which was amended according to the amount of 
telescopic motion of torque and a spring which has joined the spring section follow. 
[0075] Moreover, according to this invention, also by using as a signal equivalent to the torque to 
which a motor generates the measured value of a current sensor, the location of a machine can be 
controlled to high degree of accuracy, and it is effective in the high servo control of robustness 
being obtained. 

[0076] Moreover, if feedforward is performed good also by using as a signal equivalent to the torque 
to which a motor generates a feedforward torque command value according to this invention, 
effectiveness equivalent to the case where the sum of a feedback torque command value and a 
feedforward torque command value is used can be acquired. 

[0077] Moreover, since according to this invention it constituted so that a fricative model might be 
included, it is effective in becoming possible to amend the backlash by the rigidity of a machine, and 
fricative magnitude. 

[0078] Moreover, since according to this invention it constituted so that the torque command value 
generated from the fricative model might not be included in the signal equivalent to the torque which 
a motor generates, when shakiness is in a machine, it is effective in applying, when amendment of 
backlash needs to be set up separately, and an effective servo control being obtained. 
[0079] Moreover, the value of a load rate at the time of modeling a motor and a machine with each 
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inertia and spring according to this invention, Since it constituted so that the value of the constant 
by which multiplication is carried out to the signal equivalent to the torque which inputs the 
parameter for computing a ratio with the sum of the inertia of a machine and the inertia of both a 
motor and a machine, and a motor generates might be determined It is effective in the ability to 
change the value easily, without being conscious of the value of the constant by which multiplication 
is carried out to the signal equivalent to the torque which a motor generates, even when the value 
of a rough parameter can be guessed at the time of a machine design and only a specific parameter 
changes clearly. 

[0080] According to this invention, moreover, based on the signal and position feedback value 
equivalent to the torque which a motor with a working machine generates Since the sum of the 
inertia of the both sides of a machine and a motor was identified, and it constituted from the 
identification result so that the value of the constant which carries out multiplication to the signal 
equivalent to the torque which a motor generates might be determined It is effective in applying, 
when controlling a controlled system from which only the inertia of a machine changes, and an 
effective servo control being obtained. 

[0081] Moreover, the parameter which shows the load rate of a machine based on the signal and 
position feedback value which are equivalent to the torque which a motor with a working machine 
generates according to this invention, Since the parameter for computing a ratio with the sum of the 
inertia of both the inertia of a machine, a machine, and a motor was identified, and it constituted 
from the identification result so that the value of the constant which carries out multiplication to 
the signal equivalent to the torque which a motor generates might be determined It is effective in 
the servo control which can tune up an amendment parameter to a suitable value automatically at 
the time of initialization and parameter fluctuation being obtained. 

[0082] Only when identifying a machine model according to this invention, moreover, the M 
sequence signal containing the high frequency component more than resonance frequency It adds to 
the signal equivalent to the torque which a motor with a working machine generates. Based on the 
addition result and position feedback value The machine-model identification section identifies a 
machine model, and makes a parameter the sum of the inertia of the both sides of resonance 
frequency, antiresonant frequency and a machine, and a motor, since it constituted so that the 
value of the constant which carries out multiplication to the signal equivalent to the torque which a 
motor generates might be determined, it is alike at the time of initialization and parameter 
fluctuation, and it is effective in becoming possible to set up the value of a suitable amendment 
parameter automatically. 

[0083] Moreover, since according to this invention the parameter equivalent to the value of the load 
rate showing the rigidity of a machine is changed according to the location of a machine and can be 
set up, it is effective in becoming possible to correspond also to change of the parameter by the 
location of machines of a ball screw, such as rigidity, without degrading precision. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the servo control by the gestalt 1 of 
implementation of this invention. 

[Drawing 2] It is the block diagram showing the configuration of the servo control by the gestalt 3 of 
implementation of this invention. 

[Drawing 3] It is a Bode diagram to show the robustness of the servo control by this invention. 
[Drawing 4] It is a Bode diagram to show a lack [ the robustness of the conventional servo control ]. 

[Drawing 5] It is the block diagram showing the configuration of the servo control by the gestalt 4 of 
implementation of this invention. 

[Drawing 6] It is the block diagram showing the configuration of the servo control by the gestalt 5 of 
implementation of this invention. 

[Drawing 7] It is the block diagram showing the configuration of the servo control by the gestalt 6 of 
implementation of this invention. 

[Drawing 8] It is the block diagram showing the configuration of the servo control by the gestalt 7 of 
implementation of this invention. 

[Drawing 9] It is the block diagram showing the configuration of the servo control by the gestalt 8 of 
implementation of this invention. 

[Drawing 10] It is the block diagram showing the configuration of the servo control by the gestalt 9 
of implementation of this invention. 

[Drawing 1 1] It is the block diagram showing the configuration of the conventional servo control. 
[Description of Notations] 

1 A machine, 2 machine-model identification section, 15 M sequence signal generator, 16 switch, 17 
load-rate setting-out section. A motor, 3 A position sensor, 4 The location command value 
generation section, 5 The feedback compensation section, 6 The feedforward compensation section, 
8 The current compensation section, 9 The machine edge amendment constant multiplication 
section, 10 An adder, 11 The parameter input section, 12 The constant count section, 13 The inertia 
identification section, 14 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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(19)[SHTS]B*g*#tqFJf(JP) 

(i2)[^«a»i]^Bai#»^«(A) 

(11)[^^#-^"]^^2000- 172341 (P2000- 172341 A) 
(43){'j>mB]¥-m-\ 2*Z6R 230(2000. 6. 23) 
(54)[2gBJ3(Z>£ffr]+f— 7t?*J^a 

G05D 3/12 305 
605B 11/32 
H02P 5/00 



[FI] 

G05D 3/12 305 L 
G05B 11/32 F 
H02P 5/00 J 
X 



[If3fc3S0>iJl]l1 

ittimmmioL' 

(zvitimmwv&m^ 0-351 833 

(22)[aiMB]¥l5)c10^12^10B(1998. 12. 10) 
[ISI»J#-^]00000601 3 

[^P^3l(iMR|ff]mmtP ; FftBB^3tLCOrt-Tl2S3^- 

i&zmMi mm. 

i^wj^itmmm.mm^it m m*i<Dt*i - t e 2§3-s§- =gm«n*5e#*±i*g 

(74)[ftgA] 

[IH»J^] 1 00066474 

iR^xtezmmm t#Bs (^i«) 

[^-■7=]-K(##)] 

5H004 
5H303 
5H550 



[F*-A(##)] 

5H004 GA01 GA07 GB15 HA07 HB07 JA03 JB02 JB21 KA01 KA32 KB02 KB04 KB06 KB08 KB13 KB33 KB38 KC33 KC39 
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9, *5<fct/sf»f&**if=^Hu^i8^ffl^(iajB^fitizjpir-r«)fliMi oicrm^ufc-b— ^«j«p 
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(D-y—xmrnmUo 

[it ^ii6] mmm^m^-r^hj^izm^r^m^iz, mmoy^j^^^Htzhj^m^m 

izmmrm^izmnr^WL(om^^xmm^mm^mmumzm^r^mm^t^m. 
elfins] &mtfW}fttp<DW.W}mtfm±-t&h)Mzft£-r&m^t. {&w-£>y-frt><D&W7<< 

is^tzAttzibCDv&v. izgittmw)^ muj±-is*mizmzxmm£*itzmmW}&o)'( 

nmm9i mm^Wi^ommm^m^^^bj^izmmr^m^t. tea-t^-y-^cDtes:^ 

/^*-$ttisbz>mM=E'r)i'f5ij£Ut. mmm^TjismjztficDJkisbtz/^t—wz&^x. m 
tmmwtcDm^^hj^izm^^m^zmnr^^m^^x^mmmm^Lmumz 
WLttttmm&t*WLmzz\t&ttmt-?z>m*^ ^^w^iie^^rot^ti^i mm<r> 

)\s(»mfcZft?m£iz<Dfr > ®Mi)mtt*<Dnmmm±?%h)\s<7izmm?%^ 
mm^f%±&<D£mLtzm^&ijnn?z>tz&><D*'(vTt&m.ii. mto^Tfrmm&tf* muM& 
mm^m^U(o±f^Ltzm^m^^tltzmummm^m^^b)^^znmt^m^t^m.■^ 
>-9-^i=>(D<is^— £'tv<7m&i>t\z^ mumw=ET)is(Dm%.&fti\ / ztLxmu&m 

<tm^— v^<tfjfB20(D^— v^<D*a<t^^ 

^dbxmmmmmm^mMU\zmmr^mmm^t^miftzzt^mtrumm^^tm 



[0001] 

mmco^m^mmmzmi^^^-^ummmizm-t^cDx^^iz. m&ttW)m<w*£ 
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[0002] 

[«*o>8«]-9— tfummm*. mu^%mz^^xiEmzWi^it^ztti<m wea&y . 

[ooo3]Mlli*. tztpUtttffiW-A—znzQoizTikZtitz. ft&o-y— K%m*&W.(Dmtf&^t 

[ooo4i*fc. e r izizwm^m±m?$4izx3i!$.£titzi&w.m^m. e, i£**i ama* e m km 

i2(DfiI, J, 1***1 (D^-i/-^. J m l±«»«20)-f^~>-V. K(*«*1G)Wtt$?fi-r/^^ 

k p (ii4fi;u-^j±^JV-r>. J 0I (4««1 ©atJtfia* J 0m i*a»«2aM-*— v-vJ m 

[ooo5];^ic. mmz-D^Tmw?z> 0 mwii tmmmzt^u^um^mt. mmz<r>m^Hv 
f=«^t^i:oTt^-S3b<,-*Ll*sf0i£fi|■r*ztlcJ:y±lBPID«lJ^Bl(z>«^^:ft€>o 

[0006]C(DJ:ai3. *Jffll*rjfe-efc£*«1 fcJ:^«l&^2^^— K/\*^Mi»§P5(7)<^lCT*lJ^lL 

^-Kiiiispe^iijnLr. j oi =j, . j 0m = j m ftz>z\tiz&i)^ ani*2^:**i o>mm<+#izi* 

[o°oo7]L^LWb. **i tmmmz(Dmm^'AMi^tM.te?-zttfxtt^m£iiaz. mm 
^2(Di4ae m t*«ia>iaae, icftiA^i:, znyj-pytv-fffim&scD&mxiz+fttem 

mtfm*>*iui\ t^xwtmt>m^jEunz^xa=j i /(k(j, +j m >k p=j m <tu c =o<t^s^- 
^±\zt$mr%^ttfx£z> 0 -rfc*>*>(a**^ae r £**i amae, ^^±ic-st^-t±^ci:A<t? 

[0008] 

[#gBJ^;*Ufc?£T&IfS]ft3fc^^ 

*<*8^#fcl*£:l*3SIHjb<fcofc:, £fc. *iEA<**fe&y. fum#fytt£<. mX.offiitt&'&mt 

[0009]£blC. 20(ZK^— v-rJ, % j m % fc«kt/«*i<z)Wtta>/N**S»Ka>-eti-? ? *i(DffiT?i43&: 
C *«4»*iESP7a>/*7*— $cu p<Dfit£A2}T3i&^fcy . ^tibfilT^TA^lc^oT 

[001 omtz. mm <Dmte.&&?'<*j£$iK(Dm.tf. **i 0><5ffiic&#LT^b-r £SEmic*t 
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[001 1 ]z<Dmmt±u<D&5temm&ffi&-?&tMzti;£titz&<Dx% Mtit&vi*Lfc%m&ffiz 

[0012]£7c. Z<D§£BMlt. 5tLTmf&L J t>?^ : bO)&AJ3-tZ>Z£lz£.'DT. S*SJt(Di4 
[0013] 

%±r^h^<7^nmL.^(Dmmwi<D^±^^^<p&^it^mhjv^zm^^m^^m^ 
- [ooi4]^. z<d§£bjuz&z>v— T^ummmit. mm<&!k-t&H\,<7izft£-?&m^kLx. 

[ooi 5]*/c. ccD^Bji-^^+f— wrasse** «»^^^-r^h;u^i^^-r^,m^LT. 

[ooi6]^fz. z(D$£BMizmz>-y— 7$mm*£wit. wmmmzL-thhJWzft^-t&m^t^x. 
y^-h^^—h^mu(o±mr^y>f-^^-^h)^^m^m^tzij(Dx^o 
[ooi7]*fc. z\<nmR\z&z>v— TtnmgiWit. mis^xsmmmco^j^mmo^j^^ 

[oois]^fc. z\<D§£w\zmz>-y— xmrnrnmit. mmm^m±-t^h)^izm^-t^mmz, m 

mo^j^^m^tzhju^m^m^^ui^oizLtztayx^o 

[ooi9]£*u zomwizmz-y- ^mm^mu. mmmtmrnz. mmtmrnrnt^Ho-a- 

^)AtiL.mmtmmiE^mmumzxmmmi}m±r^j^izmmr^m^izm^ti^^(D 
m^.mmtmmz^x/^^-^xfjUMAti^tzy^^-^z&^x^-t^^zLtz 

t,(DXfo&o 

[0020]^fr. CCD^BJ(-^+^-7t-:$IJ^aii. 41— is^mfeM&mifX , $SJ$^I!jfE4'<£>* 

i--^(D^m^ummtimmm^mmnmz^xmmmt}m±r^j^<7izm^ir^m^iz 

[0021 C<D^BJIC^^>-9— 7t?#J«l«ai±. ttW^E-r^-ei^Jtep^Rftr. *«A<»f^*© 

[0022]^/c. CCDSgBJ5lz&&+f— ^$lJiP^SI*. M^5IJffi#*^«P«J:y*lgS2K»J2l±a)KJaift 

H^sp^att^E^u^i^^Lr. ^^s^ists^s^^, fcj=i;««ii3<fci;«»«<D0i-f-*— 

[0023]£fc. zw^B^iz^-^-TKfij^Sii, ^»«-*»»=A*-rs««a>W1±$3E-r/^3£ 
[0024] 

[^|BJCD||Jfe(7)ff$®]liiT.CCD^B^(D||]!ig(D-ff^$ljtB^-r^)o 

Mil*. z:<Z>5&BA<Dmm(DKmMz&&+)— #mffl&W<Dffif&&7r.-f-Jny?mxfo 
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t<^Jtixi^o zitccomm &M}tt£-£Z>7tToLJL-$tLTmmmwn izmjm-t^tzmm 

a«20>fi[B«ttl$ffa. fc£*l*x>:a— yfc£|z«fc5iiBHr>-y--efc£o ZjUbte Bhl lcia 

[0025]*/=. 4l*flM*i $BrSa>Wi8*±$Wif^*-&*fcto<DailtS^flfi$±fiR-r*iiBJi*fit^ 
^SPTffc*. 5l*'>*<i:tifi[B*S^fift*fiRaJ4T?^j«$*ifc{4B»^ffit. <£B-t?>+*-3fr£>0>te 

— K/^»«»-Cft*. 6l*«ttlfc<«;miiitt2<D^rt,£fc£l::. tt«ig^tt*rttt4-e±rt* 
tifci4Bf&^fifi*^b.h;u^fc^t>l±^lcffl^-r^^-K^'7— KM^»«fit££jaw<6?-r 

[0026]8I*^— K/^a«»5^J«^*Lfc^— hV^Hb^ft^ffit.^— K7*»7— KM 

x&& 0 ioitz:<D®Mmmj£mmn-M9\zx®MtmffimfcWife£Htz. mmmz^n^-r^Hv 

^fc*tM4^*ircffl^^*fi#^.-afiffi^ffl^^^(D^^Lf=feB»^ffil3*3t-r-6*DJt»t? 
[0027]*/=. e r r*ttBtB^flt^fifc»4©tt A«(iB»^tt-c*y, e, liiii 0>teS. e m 

fli-efc^o j, a*-) — v-v. j m utm.w&zoM-r— vA*i?fcy* ki*««i (D$i]i4£^-t/< 
ttrnv^oxfov. K vi tti^i:<isjs;u— ^at^^rv>. k p i*pi:<&b;u— ^it^jy-fv-efc^o j oi 

[0028]c:ci:\ Mlw^n^mic^L/tHmoff^i G>-9— 7H*jap^B-eii. t»i2li^h^ 

jg^fiSx a m^o)\-j^^m±^-^(DtLxi^o /=/=u mmzit. m^>v-mm^m)iz^r5< 

[0029]#|zi!)f£f::o^TtaB.8-r&o Z(DH*£0>ff^1 7Kftl]fl>gfi»::fcl*T*K [511 H Z 

mwmmz. mmm20)m^-r^H^<D^mxh^±H^m^\&x a ^A^tL. mmm&zm 
y#(t-=>ri^f4M-b>-9-3icr^ii3^/=. ^sStt»*£2<z)<£B<fi8 m ^ai73<t^i)ta>-efe-i)o * 

0>BR. «3!E«0tSP8l*. 74— \t/*v<7ffimU5lzx2imZ*itzZ7<{— K/*j/*h;u*»4Hfrc b <L\ 
K?*7-KM11^6fzT£j&£;K/=:7^— K7^-7— Kh;u-i7|&^fitx f ^An»L/=±h;u^^^fiSx a £ 
title, ifi«J5Ei:*3SE^B»«2rcg!E-ro #*>\ B3SEffi«aP8tt. ±K£HU**B<frfltT a izffiMsWa 
Mettle, «i^)^2lzJgtJ]^ftt3Sl^^-r<^:alcLr^,J:t^„ 

[oo30]zzr% 7-r-K/^»«»5tt. iiB*i^iS^^SP4T^^^+i/=^BJt^(ie r <=\ «» 
«2[zfl»y#it^*L/=f4B-l2>-9-3<i:ytiJ*$*i-SS»«2a)fi[Be m tO>mtt£lz % PID(tfc#iJ-« 
»'»»)fl»^i^ •(iB-b>-t»-3AN/=,^-K/N^'7^f=ai!j^2(D^Be m ^<b(z. 
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[0031 ]-^. y^-^yyf^-^mmUeVit. J 0| =J, . J 0m =J m ^-r-S^lZefcoT. WtMi &&if 

rfM9Lfc££<J!> «?S<Dil*iic«fc-6iiBfB^fite r ^©iatj£»sa>i5T$lip*l-r*wi:A<r* 

[0032]£*i. ttttAgffijE^ftJIIItfti&f;!:. Rlr^<Dti*i£4BBlSiE^iSJ 0| /(K 0 (J 0l +J 0m ))^ *» 

o(c^ai-r*o*D*«io-efieaj6^«^fiRfiP4©aj*-r*MJs^fiae r iw. z<D«ttss*giE£ 

«i ©iaae, ;waBffi^ffi£j*«4j&^©iaB*&*ae r izii^-r^cfcdiciiiE-r^o 
£Mu*»*«Tjcj„/(j 0 +j to )£j|ii:sz«/^ 

«1 aXifie, £<^*i^f££j£^4A^cD&SJiime r iziifies-tt-Ti^o 

ffli^ft/^— ^<D«i^ffiK 0 % j or j 0m ^\ n^<DfitK. j, . j m (omtmu^tzm^-Q^ m\ztm 
lx. ^-K/\-^h;u^^fiST b t^-^y^-^j^^mxf &mwiUz±hjmm^mT a £ 

[0035]HJgOff^S3. ±ISIIJS<7)^S1 IZfctNTIi. K/^M«£fl5<D£j&-r3:7^ 

££fln||:L/i±Hu^fi^fiti: a Bifi^2^^r-i)h;u^lc*i^^m^Lf^cDJcoiNriji 
BELfcfr\ ^-K^^-7-KM«gP6(D^jilc-r^^-K^^9-h>;u^m^fii^T f „ t<omW)^2 
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;U*»*tt^ 0>^A<«M««iffijEfi£lilff«P9lC^C,*irL^* o *i«3B5^iEfi^S|l9T?l*Z<7)^- 

M3fccfei>*M4lc^-r/K— KiS^IH^ffli^sS^-r^o ffimotztb. cc-eii. c=c 0 =K vi =o<fr 

[0039] 
[&1] 

Gi(S)=- 



„K P KK P KvKp K 



S 2 + -^-S+l 



( 1) 



[0040]zHicjp^r. 74-h*7*'7-h*ffim%55Zmi^t. &g*g^fi£e r fr£>«tti <DteBe, * 

[0041] 
[&2] 

J 0m 4-J 01 S2 + JL_ S+1 



KyKp Kp 

G 2 (S)= 



-S 4 + — ^r-S3+ "' + ^- sz + -i-S+l 



^ KvKp K J Kf 



KKvKp KK P [ KvKp K | Kp ' 

• • • (2) 

[0042]^blc. ««SiMM»JlilMP9£ffli*££. (iSm^Me r ;&*t>«tti (DteMe, £-??<DfeiI 

[0043] 
[»3] 



I JOm + Joi Jol ] 1 



■s+ 1 

G 3 (S) = — ^ 

• • • (3) 
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+j m )) s p=j m )^mi^tzm^. ti.wm^m.e r a^wi anise, ^-eofemmmt. x.iz7jk?i£ 

[0045] 
[154] 

JOmJbl JOI . | jQn+Jol J 01 ") j 

G4(S)= - _ 

• • • (4) 

[0046]CZT:\M3(is J, =0. 5. J m =0. 5. K p =30. K y =200. K = 600 * 600 * J, * J m 

/(j, +j m ). j oi =j, . J 0m =j m <tu k 0 =K<om^tK Q =1 . 5KcDJi-&a)ias^icoiNr, ±fSie 

(3)lcSo*L^rfSl^/1?— K^^lr*fc^)o lllCfcl^T. 21 l±K 0 =K<Dm&(Df'(>nm. 22liK 0 
= 1. 5K^)^(D^V>ii,23liK 0 = K<7>i§£-<D<4*§l£!llI]. 24|*K 0 =1. 5K<Di§^(Z><£fflJi£ 
m-Cfcy^ HJ^(DcfcaiC. #^1/1*021 ^22. fccfcl>* : &iiffi^lIl23<!:24li^-H^«^oTtN 

[oo47im4iz.m3tm-<Dmfttt(4)iz&^xm^tz7n—fi&mvfoz>o miz^x. 251* 

[0048]H]^(Dff^4. ±!5IIS(B(Dff^S3lzfciNrii.^lfccfct>*«l!j^2a)^;u<!:LT, 

K««»6rcr-t<o#«i icjD*?*^— Pi/ftajfiiF^ffitt-r-s/itocDjsfiSMdt/^^y-^^fcSo * 

fc. sgn(')f*3l»J&«iE<DI$l*1 . m(7)B#li-1 . OWBtliO^^^^^^LTt^-So 
[0049]C(7)3|]6S(Dff^4lCfclt^>f-K^'7-Kli<IS|56l±. ±K»Jgffi«/<^— *F 0 

JILT. :7-r-K^* ?-Kh;u^m^filT f ^i^Ltt^. c©«fc^lcLri9**|«*4t/=7-f— K^^- 
tlzteZ. 

ma^2A<^-r^h;u^ictg^-r^»{i-^ic^fct(7)izot>Ti5iBjL^A<. «»a2^*^-r-6h 
izizmstm-ttt&ttLT^cDmw&ism-rz. 
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[oo52]n^(Dff^6. ±iH«-^jfe<D»fiiictei^rf±» mw)^2^fg:£^&h;i^i::*gM3-r& 

foV.n%&ft\z\*mitf5\-ft^$:ttLX*<DmW& i l£V&-?Z>o 

[oo53]micfci^T. 1 1 fiftltthflM-*— ^vte&xS-mMWizam— i/^t. tcDmoy/^tlzk 

««i <D4i-—*s*j m t. mm <^^-^\ x tww^2<r>^-^^^^x^±^-y— : y^ 

*A*«n i fr*At)£*iz>'^*-$iz&'3^x. nmim <Dm3LTfz>hJwzmm-?z>m^izmn 
^^mmimm^m(Dm^^^H^mmmmm^mwiU9izm^ir^mmux^ 0 

[0054]ZO)||J£(Dff^6lcfct^Tli. miiZTf;-? &?lz % *A73$m 1 fr^lt&ffil COHUtt 

/\**5t&K 0 <h«t^l3. *£MS&1 (D-f 9— v^J 0l «t^:^9— v^J 0l + J 0m <!:<Dtt£lltii?-&*:tf>(D 

d*ib±-f:h- v^j 01 +j 0m . m»«<z>^^— *>-vj 0m fc«kt^aitti <d/\**3££&k 0 &%:iti&&t, t 
wttmTjizmnzfr&mffimmfe%i<Dmj Qi /(K 0 (j 0l +j 0m ))£i+jf u ttizmmmm 
[oo55]mT. mmcDfimicDmintmmzwiWLx. mmmmiEMmmw-UQit. ^-K/\*^h 

t<mmxt^tzBM^izn^(o/^^-^o^^itLtzm^vt.zL—^\tmmmt<m±r^ 

[oo57]nj£(Dff^7. mo\^<D%^M(Dmm<o^m7\z^^-i^mmmm<Dm^^^uvo 
mxm. &iMiUft\z\zmi£^-ft^tt^x^<nmRZiiv&-tz>o cz-c, ^<Dmm<D$m7\t 

a m 

(3 S O4+—i'*J 0] tmmm2CD-(i-— ; > J rJ 0rn t<D%lX&&lE'(1 — v-VJ 0| + j 0m ^iwi^-r-g) 

fc» 3£»ff-*SM 21*. ««4«fflliES»3l5»ffl9^h;U^Ji^ffiT a ICfilJf T£fcto(D WiMlE 
£tfctf>fit£. 4i-—i'Vmfeni3\Ztel^Xffij££tltz±'<-)-— : > J <>J ni +J nm t. /\°^— £A7DSfl1 
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[0059]Z(D||]^(Dff^7|cfctNTI*. MSIc^ kolz^ *A*SP1 1 A^I4«M*1 ©Wtt 
^jF-r/N*^ISK 0 «»#2<D^- v^J 0m <D2iS^l(D/ W-^A<A^^H^o -T^s tttihCO 

*taii?fc6**ifcJ:i/««i«2a>Aaj*T?**^h;u^»*ttT. £«tttfh 0><£Be m (Dt-$£ 

ICA73£ft&o ^f+JTSBl 2T?l*C<Z>-f -J— v-Vf^^gPI 3*>^<D:£^ — v-VJoi+^m^^ 

^J 0| (7)«?f A^^bLT. /\°^— £<D4»0M:J— : >-^|b1^$P1 3fzT|5l££;h,fc£-f *>VJ 0I + J 0m 
^bt-^<fc5^J^^<D$lJ^tTait^l^^fe^„ *>Vl^*Pl3T?|^£fT9« 

±>r^— >vJ 0l +J 0m ii±h;u^Jt^fitx a (DE»ttj£#j&<Jt8WteJa&(Dii£-e : feK 
=r u x^mi^xt . mm &j\z-tftte' ^-^^ ^ ^^c^t^So 

[0061 ]HJgCDff^8. ±SBHJS(Dft^6ICfc^Tli. *A:M1 1 *yA***lfc/< 

[oo62]iaicfctNr. i4f*««i *<«if^iti-efc§i:#jz % s»$2#s§£-r&h;u*fz*Bi5-r£fi# 

-size)?*. z(DM^m^±ui5(o±mLtzMmm^. wtm'itfmiittpx&zt&iz'mw}® 

<pizmmr^m^izmMr^m^m^^^xmmmm^mw^9izWL^^t(Dx 

&%*x\mz\zm-n^&ttLx^Ltz : &<Dtitm:ti;'ox^z> 0 

ioo64.]^(ommmm8iz^xit.mm^^m^u^4izx^m^^W}^a)mw}^2t)<m 

co r „ v-VJ o| +J Om 0>M£fW|£-t&„ Z(D*«^-7 s ;UH^»14lZfcCt«6««^-7 s ;KD 
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mmicom^t^mz^^t^x^^o 



^T.^MIiiE^^(7>i£J 0| /(K 0 (J 0| +J 0m ))£ft3lU ^ft£$«*iIE£!&i!l3f^9lc|S:5£ 
f£o ^MiffiliiE^^^^Qli. ^-K/^^K;u^^fitx b <t^-K7^-r7-Kh;u^^fifiT f 

^oizmv,&m^m±j&m4<D±mLtz{tLWtttme r (D^iE^no.MzMAJimm^. 

[0069]HJte<DJ&jg9. Migl±ZCD^B^(D||]!ife(D»^9I^ { fc-g)-tl--^$)J^acDtI^^-r^P-> 

'^feWLKoym.tfmtr&i&m (Dvmizmi^tiz-v— T^nm^m^mm^xi^o mizts^ 
looiomizm^iz-Di^xmm-t^o ^^ctb/^^-^xt}^ 1 j=y* ami co^ssic. -e- 

RSHclrtrf £i§£KI*. fiB*>*3<Daja««»«ll2<D&«e m #Z<D/<*j£tt»Jgtt1 7ICA 

*1<D?r«i»^«»«23^&«ltL«l$i:/h*<«:y» ifitt<l$i: Z©«fc5fc«*1 Cifcivc 

I*. C0)*J6<D»ll9lz«|:*-b— ^?«d»«11*fflL^Zi:f=J:y. ««1<D^I£<Dte14l::fcofcttt« 
«l«iE3&<5Sia-C#, «M*1 (DftM*^<&i|f &ffl±#f*fr*V&o 
[0071]&fc\±fEI&^l*.^f#1<D^ 

(tti7-r-K/^^ll)*ffll^©**Lf=^, ttttM <DttB£S»)«2<D&fil*, ««l <Z>/<*£ 

fticwiBtt^cfci*. *©tt*-ei** ttfi»^B£j*£P4<oaia«ftBi&^fi£fflivc 



[0067] 
[*5] 




(5) 
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[oo72]£t>ic s ±&&wvit. 7<»:Lr. /\°^-^A^gpi 1 MtcDtomtfrn. 

[0073] 

ttffisE-?z^ttfx*£s mmo>&w$mimmxMWTtz>ztrf-5imttj:'ix. mm<mmxtm 

[0074]*fc. Z(D^B^ICj:4xli. ^<-hV^h;U^i^M<!:^— K^^7— Kh^U^Jt^fit^D 

z&^zmmLtztox*. *ftiz&m$&ttJE&&&mn.i-&^tT*ttmi,tz. j^mzmt>^xi^ 

[oo75]^c. zomwiz&ftit, nfa*>y-<Dmmm&nm&tfn±-f&h)Mzft£ir&m^t 
Lxmi^ztizk-ox*,. wtwuDitwzmmmznmxz. p/<xhtt(DSi^-#*iffli£s*<» 

[0076]^, CKDSgBjizjcftl*. 7*— K:7*r7— KHu*IB^tt£Simj&<*±*6h;u*l::*S^ 

■t&m^tLxmi^zLtiz&^x&.z^— w&mz'tTt>tix\,**ii£. 74— k/<^k;u 

[0077]^fc. ZCD^BJIZJctLli. ^(D^E^U^^cfc^lCfllfigLfcCDT?, ^(OPltt^ft^CD^: 
[0078]£/c. CL<7)^B^|ZJ;^|^. ^(D^E^U^^^^tlTiH^^ffi^fit^. 

[0079]£fc. CKDfgBJUc^ftf^ mm&t®m&*ft?ft<D'(-t-— ; > J rt/<*lzX=E7 : )l'itLtzm 

/^izmomt. mtoo>4-)-—is*tnwim* mmm^o^i—^o^tcoit^w-th-t^tz 

[oosoj^f-. c(D^Bjizj:ti[*. mmtmft#<DWWim<m!£-rz>h)Mztt!M l ?z>m^tikw. 

mmm±i-^hju<pizmmr^m^izmu^^mom^^ir^^zmf^Uz<ox^ma> 
4+-^*(DfrrfmtT&&5temfflttML<Dffln&ft5m&izmmLxm^ 

[0081 mtzs zommz&titf^ mtotjmi$*<Dmm*m±T&HwzftmTz>m^±tiLW 

mm75<Dj+—is*<Dwt<Dft&nft?&tzib<D/^*—$&mmL. ^om&ifemfr*. nwi&tf 
^±r^h^izn^^m^izmn^^m<Dm^^i-^5izmmLtz<Dx^mn^m^ 
/^-^^sbB#iz, &mmz&jE'^*—$&mw£mz^=L--istt&^b<Dx%&v—^.v\ 

[0082]^c. ^(»§£W\Z&1n,\£^ %kU=£^)\'(DWl , &£'i=soWi'gx\Z<Dfr^ #IEJ3&»JsU:(&SEJSifc 
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immommttmwi 

[Mil ^<»mw<Dmm<DKm-\ iz&z-y— ^mw^w.(»mtf&7T<-??nv'?mT* 

[ H)9 ] Z(7)^BJ(D||]!i£COff^S8|Zj;^— 7K^J^a(D^^^^P^IEl-efe^o 

[ill] ^IfflJ^McD^^TF-r^P^^ll^fe^o 
[£H§-(DI&BJ5] 

— KMtinik s n%Lffim%i. 9 i«^*$iE3£&ifi5fsik 10 mum. 1 1 /n7^a^j2$ 
mmu. 13 >r^-- ^i^ssp. 14 M^E^n^SfL 15 M^ijfi-s§-s§£$fk 16 17 



CMll 



as 




9_ 



Joi 

KoCJom+Jw) 



9 : tMBMHESStXBa 
1 0 : IBWS 



C®2] 
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1 0| 
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9~ 



Jgj 



J 8 
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K+cs. 



ttMl 
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1^2 IIP 10* 

(rad/sec) 



[ffl4] 
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1 0 
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Co 
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K+cs 
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> 

3 



[H6] 
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1 6 : Mvf 



[M1Q] 



file://C:\Documents and Settings\PasosY\My Documents\JPO\JP-A-2000-172341.html 



7/26/2006 



JP-A-2000- 172341 



Page 19 of 19 




KoOom+Joi) 
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fl 8 
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